A key consideration in planning studies of community-based HIV education programs is identifying a sample size large enough to ensure a reasonable probability of detecting program effects if they exist. Sufficient sample sizes for community-or group-based designs are proportional to the correlation or similarity of individuals within communities. As a result, efficient and effective design requires reasonable a priori estimates of the correlational structure among individuals within communities. In this study, we investigate the degree of correlation among individuals within communities and regions using samples of sixth-grade adolescents from 609 local area district communities and 122 regions in 15 sub-Saharan African nations. We develop nation-specific and international summaries of these correlations using variance partitioning coefficients from multilevel models and subsequently assess the extent to which different types of background variables delineate key sources of these correlations. The results suggest persistent differences among communities and regions and that the degree of correlation among individuals within communities varied considerably by nation. The findings underscore the importance of empirically derived values of design parameters that are anchored in evidence specific to the outcome, nation and context of the planned study.
Introduction
Community-based education programs represent an important strategy in addressing the human immunodeficiency virus (HIV) epidemic throughout the world [1, 2] . Community-based HIV education programs help to reduce the spread of HIV among at-risk individuals, such as adolescents, and their communities through culturally-relevant education that is intended to influence the knowledge and behavioral choices of at-risk individuals and construct social values that reinforce healthy behaviors [1, 3] . For instance, educational programs that train communities on the means of transmission, effective prevention strategies, diagnosis, care and misconceptions associated with HIV serve to promote safe behavior, encourage testing and improve social support for those with HIV [4] .
Community-based HIV education programs have been implemented extensively throughout the world and have taken on many different forms [1] . They have been used to train and mobilize community popular opinion leaders to disseminate culturally appropriate information on healthy behaviors in Zimbabwe [1] , to provide didactic lessons and dramas on sexual health in Tanzania [5] , to integrate HIV education into sports in Tanzania [6] and to offer a broad spectrum of HIV education and health services through community centers in South Africa [7] . The specific components and features of community-based HIV education programs have varied widely [1] . For instance, such programs have varied in terms of the length, frequency, and scope of the educational program, the theoretical basis, the involvement community leaders, the use of peer-education models, the types of behaviors, attitudes and norms that are emphasized, the materials used within/outside of the training center, and the mode of delivery [8] [9] [10] [11] .
Despite the widespread use of community-based HIV education programs, most studies have relied on underdeveloped evaluation designs [12] . More generally, research has suggested that there is a lack of rigorous evidence of effectiveness of these programs as well as the relative and absolute value of specific components and features of these programs [13] . There is a growing recognition of the need for careful, well-designed evaluations of the effectiveness of these programs and their specific components to determine the extent to which such programs are effective, feasible and cost-effective [1] .
Study design
Community-based HIV education programs generally involve the active collaboration and cooperation of individuals nested within communities in order to promote a shared sense of personal and social responsibility for healthy behaviors and preventive measures. This organization induces a type of cooperative or multilevel structure that often makes it unfeasible, unethical, expensive, or even impossible to withhold access to a program for a subset of individuals (i.e. in creating a control group) within a community where services are provided. Rather, community-based program studies have frequently opted for designs that expose entire communities to treatment conditions because they more naturally map onto extant community structures, more efficiently deliver services, ensure ethical access to residents and align with the theories of action that support community-based programs (e.g. constructing supportive social norms for behaviors) [14] .
An important component in planning communitybased evaluation studies is identifying sample sizes large enough to ensure reasonable power or probability of detecting treatment effects if they exist [15, 16] . In designing studies that assign communities to treatment conditions, the power (and sufficient sample size) of a design is directly impacted by the extent to which individuals within communities are more similar to each other on outcomes than to individuals in other communities. More specifically, the power of a design is inversely proportional to the correlation or clustering among individuals within communities as captured by the intraclass correlation coefficient (ICC) or variance partitioning coefficient (VPC). For this reason, the efficient and effective design of community-based studies requires information concerning plausible values of the VPC during the design phase to correctly adjust for the sampling distribution associated with community-assigned designs.
Despite the widespread use of community-based programs and designs, research on empirical estimates of plausible ranges of the VPC for HIV outcomes in sub-Saharan Africa are scarce [17] . The absence of empirical estimates of the VPC specific to health outcomes in sub-Saharan Africa makes it difficult to design studies properly. For example, designs that assign communities to treatment conditions and assume individuals within a community are independent tend to underestimate the sample size needed to detect effects at a desired power level. Perhaps because of this lack of research, reviews of HIV studies have found that very few cluster-assigned studies properly account for clustering in the design of a study [18] .
Purpose
In this study, we inform the careful design of community-based studies focused on knowledge about HIV in sub-Saharan Africa by developing empirical estimates of VPCs and the variance explained by several covariates. We developed nation-specific and international estimates of parameters needed to design multilevel studies using samples of adolescent sixth-grade students spread across 609 local area district communities, 122 regions and 15 subSaharan African nations. The results can be used to construct national and international multilevel designs such as those that assign communities or regions to treatment conditions (i.e. all residents have access to treatment program services) or those that assign individuals to treatment conditions within communities or regions across multiple communities or regions (e.g. access to services is restricted to those assigned). Our research questions were:
(1) What proportion of the variance in adolescent HIV knowledge was attributable to differences among individuals, communities, regions and nations? As noted before, a key parameter in the design of community-based studies is the correlation of individuals within community as typically quantified by the VPC. To address this question, we estimated the VPCs among residents in communities and regions within and across nations.
(2) To what extent did characteristics of individuals and communities explain variance in HIV knowledge? A well-established design strategy for reducing the sample size necessary to achieve a desired level of power is to reduce unexplained outcome variance through covariance adjustment on prognostic covariates [19] . To probe the value of such adjustment, we estimated the proportion of variance explained by several types of commonly available covariates.
Below, we first detail the data, variables, analyses and parameters of interest in the Methods section and then summarize the findings in the Results section. We then demonstrate the use of the estimates to designs studies through several examples using the free software program Optimal Design [20] . We end with a discussion.
Materials and methods

Data
Our analyses drew on data from the Southern and Eastern Africa Consortium for Monitoring Educational Quality (SACMEQ) III study. The SACMEQ III study was led by the United Nations' International Institute for Educational Planning and 15 ministries of education and focused on improving the region's research and developmental capacity [21, 22] . Survey data were collected from representative samples of sixth-grade adolescents in each nation (see Table I ) [22, 23] . Developing a knowledge base to fight the spread of HIV is important for all ages. However, at no age is it perhaps more critical than during adolescence. Adolescence is marked by a significant transitional phase where attitudes and behaviors associated with HIV are formed [24, 25] . It is of little surprise that research has found that the most effective programs are those implemented before or during this transitional phase and prior to the onset of sexual activity [26, 27] .
Within each nation, samples were drawn from each local area district community and administrative region. Local area district communities described the local education administrative communities that individuals resided in. In turn, groups of local area district communities were nested within administrative regions and these regions often aligned with provincial boundaries. For instance, South Africa was broken into nine administrative regions representing the provinces. However, regions were formed collaboratively by stakeholders within each nation and, as a result, were not always synonymous with provincial boundaries. For example, the regional structure used in Botswana consisted of only seven regions. The list of regions is available from Ross et al. [23] . For our analyses, 61 396 students, 609 local area district communities and 122 regions were sampled from the 15 nations. The statistics describing our sample are presented in Table I .
Measures
Outcome. Community-based HIV education programs are generally intended to reduce the spread of HIV by increasing knowledge concerning transmission, prevention, diagnosis, care and misconceptions. This increased knowledge is thought to introduce and support healthy behaviors and ultimately lessen the risk of transmission [28] . In this study, we focused on a rigorous and reliable measure of HIV knowledge designed to assess the effectiveness of HIV education programs [22] . The measure was constructed as an objective assessment of the Community-based assessments of HIV education programs knowledge required for protecting and promoting HIV health and was specifically targeted toward 13-14 year-old adolescents. The 86 item assessment used 43 complementary topics emphasized by the official HIV curriculum adopted by each of the Ministries of Education. Item content focused on five primary domains: (a) definitions, (b) transmission mechanisms, (c) avoidance behaviors, (d) diagnosis and treatment and (e) myths and misconceptions [22] .
The HIV assessment forms were equated and scored using item response theory and demonstrated a high level of reliability [22] . A summary of the scores is provided in Table I . Scores were standardized to have an overall mean of 500 and a standard deviation of 100. Overall, there was moderate variability across nations both in terms of the average HIV knowledge and the variability within nations among sampled adolescents. For instance, whereas the average HIV knowledge level in South Africa was equal to that of the mean across all nations, the difference between the highest and lowest knowledge nations was over a full standard deviation.
Covariates. To explore the extent to which the efficiency of designs might be improved within the context of community-based HIV programs, we assessed the explanatory value of seven covariates. The sampled covariates were meant to explore a range of covariates in terms of their type and predictive value and also their ease of collection. The first covariate represented a measure of educational achievement in the area of reading. The measure was administered in the language of instruction and consisted of approximately 50 items that assessed critical literacy skills [23] . Like the HIV measure, forms were equated and scored using item response theory and were standardized to have a mean of 500 and a standard deviation of 100 [22] .
The second was a measure of the scope of information adolescents had been exposed to concerning HIV. We constructed the measure as an equally weighted composite of an individual's responses to, for example, whether they had access to HIV tests, their exposure to public HIV education, their attendance and engagement in HIV classes and the types of information passed on from their families. Like the other composite variables, we structured it to have a mean of 500 and a standard deviation of 100 across nations. Third, we considered family socio-economic status. Designed as a composite measure of resources and background, it described adolescents' home possessions, parents' education levels, access to light sources and the structural features of housing and was set to have a mean of 500 and a standard deviation of 100 [22] . Fourth, we considered adolescents' ages in months. Fifth, we considered whether there was a local place to have an HIV test. Finally, we investigated adolescents' responses to two questions: (6) whether s/he would care for a relative who became ill with HIV and (7) whether the adolescent's mother was alive.
Models
Using random intercept multilevel models, we estimated the VPCs and the variance explained by the covariates within each nation and across nations. For the within nation estimates, we examined design parameter values when considering individuals nested within communities for each nation.
Estimates from these models help inform designs that, for example, assign communities to treatment conditions within a specific region or designs that assign individuals within communities to treatment conditions across multiple communities (i.e. block on community). In principle, we could also introduce regions within these models. However, within each of the nations, there are only a handful of regions per nation and preliminary analyses suggested there was very little variance among regions within a single nation. For this reason, we excluded regions in the within nation models (retained in the international models). Further, due to the size and scope of the sampling scheme for each nation, several nations sampled only a small number of communities (e.g. Mauritius). For these nations, caution should be used in interpreting the resulting estimates and in applying them to design subsequent studies.
For nation-specific, we estimated parameters (e.g. VPCs and proportion variance explained by covariates) using restricted maximum likelihood and sampling weights to reflect the SACMEQ III sampling design. The unconditional two-level model was specified as:
In addition, we described the uncertainty of these estimates using 95% confidence intervals derived from the multilevel parametric bootstrap [29] .
To evaluate the proportion of variance that can be explained by covariates, we estimated the change in variance due to adjustment on a covariate or set of covariates by modifying the unconditional model to include covariates. Our model specifications draw on community-mean centered individual covariates with the community mean reintroduced at the community-level. Our analyses thus consider, for example, the role of an individual-level measure of socioeconomic status and an aggregated community-level measure describing the average socioeconomic status of individuals in a specific community. Our two-level conditional model was
Continuing with the above notation, we introduce X ij as a covariate for individual i in community j with regression coefficient 1 and X 1j as the communitylevel aggregated mean of this individual-level covariate (with community-level coefficient g 1 ).
We summarized the proportion of variance explained by a covariate set at the individual-and community-level as
Here R 2 I and R 2 C represent the pseudo-R 2 values for the individual-and community-level.
We next considered international estimates that nested individuals within communities and within regions followed by nations and considered covariates using the typical group-mean centered specification for each level. Estimates from these models help inform designs that span multiple nations and, for example, assign multiple regions or communities to treatment conditions (i.e. multisite cluster-randomized trial). The conditional specification of the four-level international models was:
Þ ð8Þ where y ijkl is the outcome for individual i in community j in region k in nation l and X jkl , X kl , and X l are the community, region, and national means for a covariate. VPCs were estimated by using the unconditional version of this model and the variance explained at each level was estimated by comparing the unconditional and conditional models similar in the way outlined for the two-level models.
Results
Nation-specific results. The nation-specific estimates of the VPCs and their 95% confidence intervals for HIV knowledge are displayed by nation in Table II . Across most of the 15 nations, there was considerable clustering of individuals within communities. However, the variance attributable to communities varied substantially by nation. For instance, the VPC was 0.35 over the 30 communities sampled in Malawi but was only half that across the 66 communities sampled in neighboring Zambia and effectively zero in several other nations.
The implication of this intersection-the persistent clustering of individuals within communities and the high degree of variation of this clustering across countries-emphasizes the necessity of nation-specific estimates of design parameters. More specifically, lacking nation-specific estimates of the VPC, one might presume that a context-irrelevant estimate of the VPC (e.g. a VPC from one country in this region, an average VPC from countries in this region, or a VPC from countries from another region) is approximately applicable to each country such that a single design and sample size would be reasonable for all countries in this the region. However, the results of our analysis of these 15 countries suggest that the sufficiency of a design and given sample size in terms of the power and precision it provides is highly sensitive to the context of the research. For instance, a design that provides a reasonably high chance of detecting an effect (e.g. 80%) in Namibia (VPC ¼ 0.18) will provide a much smaller chance of detecting an effect of the same size in South Africa (VPC ¼ 0.27) because of the differences in community clustering.
The variance explained by covariates is presented in Table II . The covariate that consistently explained the most variation in HIV knowledge was reading achievement. On average approximately 28% of the variation among individuals and 46% of the variation among communities within nations was accounted for by adolescents' reading achievement. However, like the VPCs, its prognostic value varied markedly across nations-for instance it explained almost no community-level variance in Malawi, Mauritius, Seychelles, and Zambia but nearly 90% in Kenya, Lesotho and Swaziland. The socioeconomic status of adolescents and their families accounted for about 5% of the variation among adolescents and 21% of the variation among communities within nations. However, like reading achievement its utility in explaining clustering in communities varied from a high of 0.91 to a low of zero. Remaining covariates accounted for decreased amounts of variance but may often prove useful, depending on nation, because of the likely ease and minimal cost of collecting such information as compared to the costs of collecting composite measures.
Similar to the variation in VPCs across countries, the disparities among countries in terms of the ability of the covariates to explain community-based clustering has important implications for study design. Foremost among these implications is that studies will almost certainly need to tailor designs to each country-and there is evidence that this tailoring needs to not only consider the magnitude of community clustering but also the types of covariates that tend to explain this clustering. For instance, consider two countries-Kenya and Mozambique. Kenya had a VPC of 0.23 whereas Mozambique had a very similar VPC of 0.22. Ostensibly, similar designs should yield similar levels of power and precision in these countries. However, this assumption would only be true if the designs excluded covariance adjustment on predictive variables. If researchers collected a measure of reading achievement, such information would improve the precision with which we can isolate treatment effects much more in Kenya than in Mozambique because reading achievement explains double the proportion of community-level variance in Kenya compared to Mozambique. Put differently, a sufficient sample size based on a covariate-adjusted design in Kenya may often be insufficient in Mozambique despite similar similar levels of community clustering. Once again, the larger implication here is that the sufficiency of a design and given sample size in terms of the power and precision it provides is highly sensitive to the context of the research.
International results. In examining international VPC estimates, we also saw significant clustering at each level (Table III) . Variance owing to Community-based assessments of HIV education programs communities was on the order of 15% where regions and nations accounted for 8% and 6%, respectively. With regard to the variance explained by covariates, reading achievement consistently explained the most variance across individuals, communities, regions or nations. Moreover, an unanticipated result was the nation-level variance explained by the proportion of individual in a nation that say they would care for a relative who became ill with HIV-whereas it typically explained very little variation among individuals, communities, and regions, it explained 41% of the differences among nations.
Using estimates to inform study design
The estimates of the VPCs and the variance explained by different covariates outline plausible values for designing community-based studies of HIV education programs that target adolescents. As noted earlier, the capacity or sensitivity of a design is often conceptualized in terms of power or the probability a design can detect treatment effects if they exist [30] . To demonstrate the practical use of the results, we describe two hypothetical studies and use of the above estimates to estimate the sample sizes needed to achieve 80% power under a two-tailed test with a significance level of 0.05. Our examples are not intended to be comprehensive in terms of the designs possible or in the treatment and justification of assumed values for additional parameters. Rather we sought to briefly illustrate the use of the aforementioned estimates.
Community-randomized designs within a single nation. Suppose that researchers are designing a study in Kenya that intends to randomly assign communities (i.e. all residents have (no) access to services) to treatment conditions. The effect size or difference between the treatment and control groups on the HIV knowledge assessment is anticipated to be about 0.40 standard deviations and investigators plan to sample 100 adolescents from each community. Assume researchers have access to a community-level summary of the average reading achievement of adolescents in these communities. In this example, we can draw on the VPC specific to Kenya in Table II to describe the clustering of individuals within the community (i.e. VPC ¼ 0.23) and the variation explained by reading achievement at the community-level (R 2 C ¼0.64). Drawing on power formulas [18] or entering these values into, for example, the two-level cluster-randomized module within the free software Optimal Design suggests that sampling approximately 20 communities would provide about a 0.80 chance of detecting a difference of at least 0.40 standard deviations (Fig. 1) . If in designing the study researchers neglected to consider the similarity of individuals within communities (i.e. assumed VPC ¼ 0), they would have concluded that sampling only six Region-randomized designs across nations. In a second example, consider a large-scale international study that is interested in the average effect of the program and variability of treatment effects vary across nations. Investigators might consider an international region-randomized design such that for each nation investigators assign an equal number of regions (and samples of their communities and individuals) to treatment conditions. In this example, the values in Table III could be used to guide design. Assume an effect size of 0.30, a sample of 100 individuals from each community, a sample of two communities/region, an effect size variability of 0.01 (e.g. 95% of the treatment effects across regions fall between 0.1 and 0.5) and that adjusting for the average region-level reading achievement will explain 54% of the outcome variance. Submitting these values to Optimal Design shows that researchers would need to sample about four regions in each nation to have an 80% probability of detecting these effects.
Discussion
The results of our analyses emphasized three findings. First, there is typically substantial clustering among individuals within communities and, as a result, effective and efficient design will need empirical estimates of the VPC values. Second, much of this clustering can frequently be explained by common background covariates yielding more efficient designs.
Third, and perhaps most important, the degree of clustering and variance explained by covariates varied considerably by nation, suggesting that values need to be specific to the context of the planned study. An implication of this variation is that the sufficiency of a design may not traverse national boundaries-a sufficient sample size in one nation may not be sufficient in another. Although our analyses generally suggest that rigorous evaluations of community-based programs may often be feasible with just a small number of communities, the findings also underscore that for some nations (e.g. Malawi) a large number of communities may be necessary because of substantial clustering and/or a lack of information on covariates that are prognostic of this clustering.
We note three limitations of the current study. First, our sample focused exclusively on 13 year old adolescents who were enrolled in typical public or private schools in each nation. Although adolescents at this age represent a primary target group for HIV education, they do not necessarily constitute representative samples of their communities. In this way, it is unclear how our results might generalize to other community members or summarize the community as a whole. Second, our investigation focused on a single outcome associated with HIV. Although such knowledge is generally considered a critical proximal outcome of educational programs, it may also be a necessary but insufficient outcome in changing behavior and ultimately reducing the spread of HIV. Third, the reading achievement measure we used was obtained at the same time as the HIV knowledge measure because the study was cross-sectional. In this way, it was not an authentic pre-treatment covariate. As a result, it is likely that our estimates of the variance explained by reading achievement were inflated because the predictive capacity of prior measures of knowledge and achievement tend to decrease with time.
In closing, the results uncover important differences among nations in sub-Saharan Africa in terms of clustering with important implications for study design and also point toward the need for more research in this area-both in terms of the scope of the outcomes and in terms of the discovery of covariates that are consistently predictive of such outcomes across nations. The results of our study are intended to serve as an empirical resource guiding researchers in the planning of community-based studies of HIV education programs in sub-Saharan Africa.
